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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a gas diffusion electrode having an outstanding 
electrode characteristic against oxygen reduction reaction, and a solid high polymer type 
fuel cell equipped with this, which can obtain high battery output 
SOLUTION: The gas diffusion electrode has a catalyst layer containing a catalyst and 
fluoride containing ion-exchange resin, and a gas diffusion layer arranged adjoining with 
the catalyst layer. A high molecular compound, which has an oxygen penetration 
coefficient of 5x10-11 [cm3 (Normal). cm/cm2.sPa] or more, and does not have an ion 
exchange group substantially, is further contained in the catalyst layer. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The gas diffusion electrode which it is the gas diffusion electrode of porosity equipped 
with the catalyst bed containing a catalyst and fluorine-containing ion exchange resin, and an oxygen 
transmission coefficient is more than 5x10 -1 1 [cm3 (Normal), cm/cm2, and s-Pa] at said catalyst 
bed, and is characterized by containing further the high molecular compound which does not have an 
ion exchange group substantially. 

[Claim 2] The gas diffusion electrode according to claim 1 characterized by being the polymer with 
which said high molecular compoimd includes the repeat unit based on the perfluorocarbon which 
has an aliphatic series ring structure. 

[Claim 3] The gas diffusion electrode according to claim 2 characterized by expressing said repeat 

unit with the following type (1). 

[Formula 1] 
-f-CF — CF-)— 

/ \ •-■(!) 




[— Rl and R2 show a fluorine atom or a trifluoromethyl radical independently among a formula (1), 

respectively.] 

[Claim 4] The gas diffusion electrode according to claim 1 characterized by said high molecular 
compound being a polysiloxane compound. 

[Claim 5] The gas diffusion electrode given in any of claims 1-4 they are with which content of said 
high molecular compound contained in said catalyst bed is characterized by being 0.01 to 30 mass % 
to the total amount of said catalyst and said fluorine-containing ion exchange resin. 
[Claim 6] The polymer electrolyte fuel cell which is a polymer electrolyte fuel cell which has the 
polyelectrolyte film arranged between an anode, a cathode, and said anode and said cathode, and is 
characterized by having a gas diffusion electrode given in any of claims 1-5 they are as said cathode. 
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* NOTICES ♦ 

JPO and NCIPI are not responsible for any 
damages caused by the use of this trsuislatlon. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely, 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the polymer electrolyte fuel cell equipped with a gas 

diffusion electrode and this. 

[0002] 

[Description of the Prior Art] Since the formation of small lightweight is easy for the polymer 
electrolyte fuel cell which has the polyelectrolj^e fihn, the utilization as migration cars, such as an 
electric vehicle, a power source of a small cogeneration system, etc. is expected. However, since 
operating temperature is comparatively low and the exhaust heat cannot use a polymer electrolyte 
fuel cell effectively for auxiliary machinery power etc. easily, for the utilization, tiie engine 
performance which can obtain high generating efficiency and high power density under the high 
actuation condition of the utilization factor of anode reaction gas (pure hydrogen etc.) and the 
utilization factor of cathode reaction gas (air etc.) is demanded. 

[0003] The anode of a polymer electrolyte fuel cell and the electrode reaction in each catalyst bed of 
a cathode advance in the three-phase zone (henceforth a reaction site) to which each reactant gas, a 
catalyst, and fluorine-containing ion exchange resin (electrolyte) exist in coincidence. Therefore, in 
the polymer electrolyte fuel cell, conventionally, catalysts, such as a metal catalyst or metal support 
catalysts (for example, metal support carbon which supported metal catalysts, such as platinum, to 
carbon black support with a big specific surface area), are covered with the polyelectrolyte film, 
congener, or fluorine-containing ion exchange resin of a different kind, it is used as a component of a 
catalyst bed, and increase-ization of the reaction site concemed is attained by performing three- 
dimension-ization of the reaction site in the so-called catalyst bed. 

[0004] The perfluorocarbon polymer (henceforth a sulfonic acid type perfluorocarbon polymer) with 
which ion conductivity which is represented by the "deflection myon" by Asahi Glass Co., Ltd. and 
"Nafion" by Du Pont etc. has a stable sulfonic group chemically vmder oxidization and reducing 
atmosphere highly as fluorine-containing ion exchange resin which covers the above-mentioned 
catalyst is used. 

[0005] However, while excelling in ion conductivity and chemical stability, since the gas 
permeability in resin was inadequate, when using especially a gas diffusion electrode as a cathode, it 
was difficult [ the fluorine-containing ion exchange resin contained in the catalyst bed of the 
conventional gas diffusion electrode ] for the oxygen permeability in a catalyst bed to become 
inadequate, and for the overvoltage of the oxygen reduction reaction in a cathode to become large, 
and to acquire the high electrode characteristic. 

[0006] On the other hand, in JP,11-354129,A, the solid-state macromolecule form fiiel cell aiming at 
reduction of the overvoltage of a cathode is proposed by mixing a fluorine-containing ether 
compound to the fluorine-containing ion exchange resin which covers a catalyst, and making the 
oxygen permeability in the catalyst bed of a cathode increase to it. 
[0007] 

[Problem(s) to be Solved by the Invention] However, even if this invention persons were solid-state 
macromolecule form fuel cells given in JP,1 1-354129,A, the oxygen permeabiUty in the catalyst bed 
of a cathode is inadequate, they cannot fixlly reduce the overvoltage of a cathode, and endurance of 
the catalyst bed of a cathode is inadequate, and they found out that there was a problem that a battery 
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life is short. Since the fluorine-contaiiiing ether compound made desirable is an oil*like low 
molecular weight compound, this dissolves in produced water gradually during a generation of 
electrical energy, or it accompanies to it, and this is desorbed from fluorine-containing ion exchange 
resin, and is further considered to be because for it to be discharged from a catalyst bed with 
generation water. 

[0008] This invention is made in view of the technical problem which the above-mentioned 
conventional technique has, and aims at offering the polymer electrolyte fuel cell which can obtain 
the high cell output equipped with the gas diffusion electrode and this which have the outstanding 
electrode characteristic over an oxygen reduction reaction. 

[0009] 

[Means for Solving the Problem] this invention persons reached [ that the electrode characteristic in - 
a cathode can be raised, and ] a header and this invention by making the catalyst bed of a cathode 
contain the high molecular compound which has high oxygen permeability and does not have an ion 
exchange group substantially, as a result of repeating research wholeheartedly in order to attain the 
above-mentioned purpose, 

[0010] Then, it is the gas diffusion electrode of porosity equipped with the catalyst bed containing a 
catalyst and fluorine-containing ion exchange resin, and an oxygen transmission coefficient is more 
than 5x10 -11 [cm3 (Normal), cm/cm2, and s-Pa] at a catalyst bed, and this invention offers the gas 
diffusion electrode characterized by containing further the high molecular compound which does not 
have an ion exchange group substantially. 

[001 1] Since the high molecular compoimd (henceforth this high molecular compoimd) which has 
the above-mentioned oxygen transmission coefficient contains the gas diffusion electrode of this 
invention in the catalyst bed, it can make concentration of the reactant gas near [ in a catalyst bed ] 
the reaction site higher than before. Consequently, the exchange current density in electrode reaction 
can be increased, and an oxygen overvoltage can be reduced. That is, the high electrode 
characteristic can be acquired. If this gas diffusion electrode is especially used as a cathode of a 
polymer electrolyte fuel cell, since the overvoltage of the oxygen reduction reaction of a cathode can 
be reduced effectively, the electrode characteristic of a cathode can be raised. 
[00 1 2] moreover, the pore which has contributed to the gaseous diffusion in a catalyst bed since this 
high molecular compound contained in a catalyst bed functions also as a water repellent agent ~ 
humidification — service water and produced water can pile up and generating of the flooding by 
which pore will be blockaded can be prevented effectively. Furthermore, to aquosity solvents, such 
as water and alcohol, since this high molecular compound in this invention is substantially insoluble, 
it ****s near the catalyst during long-term actuation, and it can fully prevent generating of the fault 
of being discharged from a catalyst bed. Consequently, the gas diffusion electrode of this invention 
becomes possible [ it being stabilized and acquiring the high electrode characteristic over a long 
period of time, ]. 

[0013] Here, it becomes difficult to carry out highly enough concentration of the reactant gas near 
[ in a catalyst bed ] the reaction site to an oxygen transmission coefficient being xmder 5x10 -1 1 
[cmS (Normal), cm/cni2, and s-Pa], and it becomes difficult to fully reduce the overvoltage of an 
oxygen electrode reaction. Moreover, as for the oxygen transmission coefficient of this high 
molecular compoimd in this invention from the same viewpoint as the above, it is desirable that it is 
more than 6x10-11 [cm3 (Normal), cm/cm2, and s-Pa]. 

[0014] In addition, the oxygen transmission coefficient of this high molecular compound in this 
invention sets in the demarcation membrane material gas transparency measuring device by the 
****** machine industrial company the cast film produced from this high molecular compound, and 
shows the oxygen transmission coefficient of the cast film in 25 degrees C measured based on the 
high vacuum method, and 1 05Pa. 

[001 5] Furthermore, "this high molecular compound which does not have an ion exchange group 
substantially" in this invention shows the high molecular compoimd whose ion exchange capacity in 
a molecule (henceforth AR) is below 0. 10 milli equivalent / g desiccation resin (hereafter referred to 
as meq./g). To aquosity solvents, such as water and alcohol, since such this high molecular 
compound is substantially insoluble, it ♦***s near the catalyst during long-term actuation as 
mentioned above, and it can fully prevent generating of the fault of being discharged from a catalyst 
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bed. Moreover, as for AR of this high molecular compound of this, it is desirable that it is below 
0.05meq./g from same viewpoint. Furthermore, ion exchange groups here are specifically a sulfonic 
group, a carboxylic-acid radical, etc. 

[0016] Moreover, this invention is a polymer electrolyte fuel cell which has the polyelectrolyte film 
arranged between an anode, a cathode, and an anode and a cathode, and offers the polymer 
electrolyte fuel cell characterized by having the gas diffusion electrode of above-mentioned this 
invention as a cathode. 

[0017] Thus, it becomes possible to constitute the polymer electrolyte fuel cell which has a high cell 
output by carrying out the cathode of the gas diffusion electrode of this invention which has the 
outstanding electrode characteristic over the oxygen reduction reaction described previously, and 
having it. Moreover, since it excels in endurance while the gas diffusion electrode of this invention 
can fully prevent generating of flooding as stated previously, the polymer electrolj^e fiiel cell of this 
invention equipped with this becomes possible [ it being stabilized and obtaining a high cell output 
over a long period of time, ]. 
[0018] 

[Embodiment of the Invention] Hereafter, the suitable operation gestalt of the polymer electrolyte 
fixel cell equipped with the gas diffusion electrode of this invention and this is explained to a detail. 
[0019] Although the cathode and anode which are the gas diffusion electrode of the poljnner 
electrolyte fuel cell of this operation gestalt are equipped with a catalyst bed, it is desirable that all 
consist of a catalyst bed and a gaseous diffusion layer which adjoins this catalyst bed and is 
arranged. As a component of a gaseous diffusion layer, the porous body (for example, a carbon cross 
and carbon paper) which has electronic conduction nature is used, for example. 
[0020] In the catalyst bed of a cathode, fluorine-containing ion exchange resin and this high 
molecular compoimd which the oxygen transmission coefficient which described it as the catalyst 
covered with this fluorine-containing ion exchange resin previously is more than 5x10 -1 1 [cm3 
(Normal), cm/cm2, and s-Pa], and does not have an ion exchange group substzmtially mainly contain, 
and improvement in the electrode reaction rate of the cathode by reducing the overvoltage to the 
oxygen reduction reaction in a cathode is achieved. 

[0021] Here, as for the weight average molecular weight of the viewpoint of supposing substantially 
that it is insoluble to aquosity solvents, such as water and alcohol, to this high molecular compound, 
it is desirable that it is 1000-3 million, and it is more desirable that it is 20000-1 million. In a long- 
term generation of electrical energy, it may drop out that the weight average molecular weight of this 
high molecular compound is less than 1000 of an electrode. On the other hand, if the weight average 
molecular weight of this high molecular compoimd exceeds 3 million, it will be hard coming to 
dissolve in a solvent, and the producing method will be restricted in the case of electrode production. 

[0022] Moreover, as for this high molecular compound, it is desirable that it is a poljnner including 
the repeat imit based on the perfluorocarbon which has an aliphatic series ring structure. It is hard to 
crystallize by torsion of the molecule resulting from the molecular structure, and a polymer including 
the repeat unit based on the perfluorocarbon which has an ahphatic series ring structure in 
intramolecular has high oxygen permeability. Moreover, it is meltable to a fluorine system solvent, 
and this polymer is excellent in chemical resistance, and since it is stability also in oxidation and 
reducing atmosphere, it is desirable. 

[0023] As a repeat vmit based on the perfluorocarbon which has the above-mentioned aliphatic series 
ring structure, the repeat imit expressed with the following type (1) is desirable. Here, Rl and R2 
show a fluorine atom or a trifluoromethyl radical independently among the following type (1), 
respectively. As a compound which has such the molecular structure, "Teflon (trademark) AF 2400 
etc." (oxygen transmission coefficient: 1.2x10-10 [cm3 (Normal), cm/cm2, and s-Pa]) is mentioned 
as a trade name. 
[Formula 2] 
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CF — CF 
/ \ • ■ - (1) 





[0024] Moreover, when the compound which has different structure from the above-mentioned 
polymer as this high molecular compound is mentioned, as for this high molecular compound of this 
invention, it is desirable that it is a polysiloxane compound. Since a polysiloxane compound h£is high 
oxygen permeabiUty, it is desirable. The poly dimethylsiloxane which has the repeat imit of the 
structure expressed with the following type (2) from a viewpoint of having the high oxygen 
transmission coefficient (6.95x10-1 1 [cm<SUnP>3 (Normal), cm/cm2, and s-Pa]) also in a 
polysiloxane compound is more desirable. Here, n shows the integer of 14 to 4x104 among a formula 
(2). 

. 0-Si(CH3) 2n- ~ (2) 

[0025] Moreover, as for the content of this high molecular compoimd contained in the catalyst bed, it 
is desirable that it is 0.01 to 30 mass % to the total amoxmt of a catalyst and fluorine-containing ion 
exchange resin, and it is more desirable that it is 0.01 to 20 mass %. Here, the inclination it to 
become difficult to fully reduce an oxygen overvoltage [ as opposed to / that the content of this high 
molecular compound is under 0.01 mass % / an oxygen reduction reaction ] becomes large. On the 
other hand, if the content of this high molecular compound exceeds 30 mass %, in order that the 
reaction sites which the coverage of fluorine-containing ion exchange resin to the catalyst which the 
content of the fluorine-containing ion exchange resin contained in a catalyst bed falls relatively, 
consequently is contained in a catalyst bed falls, and ftmction effectively may decrease in niunber, 
the inclination it to become difficult to acquire the high electrode characteristic becomes large. 
[0026] Furthermore, although especially the catalyst included in the catalyst bed of the gas diffusion 
electrode of this invention is not limited, platinum or a platinum alloy is desirable. Furthermore, as 
for the catalyst contained in a catalyst bed, being supported by the support of electrical conductivity 
is desirable. Although especially this support is not limited, the carbon ingredient more than 
200m2/g has a desirable specific surface area. For example, carbon black, activated carbon, etc. are 
used preferably. 

[0027] Moreover, as for the fluorine-containing ion exchange resin contained in the catalyst bed of 
the gas diffusion electrode of this invention, it is desirable that it is a sulfonic acid type 
perfluorocarbon poljnner. A sulfonic acid type perfluorocarbon polymer enables stable and prompt 
proton conduction chemically in a catalyst bed for a long period of time. 

[0028] Furthermore, a sulfonic acid type perfluorocarbon polymer has the desirable copolymer 
which consists of a repeat unit (the integer of 1-12 and p of the integer of 0-3 and n is [ m ] 0 or 1 
among a formula, and X is F or CF3) based on the fluoro vinyl compound expressed with CF2=CF- 
(OCF2CFX) m-Op-(CF2) n-S03H, and a repeat unit based on tetrafluoroethylene. As a desirable 
example of the above-mentioned fluoro vinyl compound, the compound of (i) - (iii) is mentioned 
below. However, among the following type, in q, the integer of 1-8 and r show the integer of 1-8, 
and t shows the integer of 1-3. 
CF2=CFO(CF2) qS03H - (i) 
CF2=CFOCF2CF(CF3) 0(CF2) rS03H - (ii) 
CF2=CF(OCF2CF (CF3)) tO(CF2)2S03H - (iii) 

[0029] In addition, as long as the repeat unit based on a fluorine-containing olefin or perfluoro (alkyl 
vinyl ether), such as hexafluoropropylene, is below 25 mass % of the repeat unit based on 
tetrafluoroethylene, it replaces the repeat unit based on tetrafluoroethylene, and may be included in 
the above-mentioned copolymer. 

[0030] Moreover, as for AR of the fluorine-containing ion exchange resin contained in the catalyst 
bed of the gas diffusion electrode of this invention,, it is desirable that it is 0.3-1.5meq./g. When AR 
of fluorine-containing ion exchange resin becomes under 0.3meq(s)./g, in order that reaction sites 
may decrease in number remarkably, there is an inclination it to become difficult to obtain sufficient 
cell output. On the other hand, if AR of fluorine-containing ion exchange resin exceeds 1 .5meq(s),/g, 
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it will increase, the gaseous diffusion nature or wastewater nature in a catalyst bed will fall, and 
flooding will become easy to generate the consistency of the ion exchange group in fluorine- 
containing ion exchange resin. As for AR of the fluorine-containing ion exchange resin contained in 
the catalyst bed, it is more desirable from the same viewpoint as the above that it is 0.5-1 .5meq./g. 
[0031] Moreover, if the thickness of the catalyst bed of the gas diffusion electrode of this invention 
is equivalent to the usual gas diffusion electrode, it is good, it is desirable that it is 1-100 
micrometers, and it is more desirable that it is 3-50 micrometers. 

[0032] In a polymer electrolyte fuel cell, since the overvoltage of the oxygen reduction reaction of a 
cathode is very large as compared with the overvoltage of the hydro acid-ized reaction of an anode, it 
is usually effective to make tiie oxygen density near [ in the catalyst bed of a cathode ] the reaction 
site increase as mentioned above, to use the reaction site concerned effectively, and to raise the 
electrode characteristic of a cathode, when raising the output characteristics of a cell. 
[0033] On the other hand, although especially the configuration of an anode is not limited, for 
example, you may have the configuration of a well-known gas diffusion electrode, it is desirable to 
constitute so that it may have the same structure as the above-mentioned cathode. Also when 
becoming possible to also raise the electrode characteristic of an anode by this in addition to a 
cathode, and raising a cell output more and performing actuation over a long period of time, it can 
plan holding the high cell output more certainly. 

[0034] Moreover, the polyelectrolyte film used for the polymer electrolyte fuel cell of this invention 
will not be limited especially if it is the ion exchange membrane which shows good ion conductivity 
under a damp or wet condition. The perfluorocarbon polymer which has the perfluorocarbon 
polymer which has a sulfonic group, polysulphone resin, a phosphonic acid radical, or a carboxyUc- 
acid radical as solid-state polymeric materials which constitute the polyelectrolyte film, for example 
can be used. Especially, a sulfonic acid type perfluorocarbon polymer is desirable. And this 
polyelectrolyte film may consist of the same resin as the fluorine-containing ion exchange resin 
contained in a catalyst bed, and may consist of different resin. 

[0035] As for the gas diffusion electrode of this invention, it is desirable that fluorine-containing ion 
exchange resin, a catalyst, and this high molecular compoimd produce using the coating liquid 
dissolved or distributed to a solvent or a dispersion medium. As the solvent used here or a dispersion 
medium, alcohol, fluorine-containing alcohol, the fluorine-containing ether, etc. can be used, for 
example. And a catalyst bed is formed by carrying out coating of the coating liquid to the carbon 
cross used as an ion exchange membrane or a gaseous diffusion layer etc. Moreover, coating of the 
above-mentioned coating liquid is carried out to the base material prepared separately, a coating 
layer is formed, and a catalyst bed can be formed on ion exchange membrane also by imprinting this 
on ion exchange membrane. 

[0036] Here, when a catalyst bed is formed on a gaseous diffusion layer, it is desirable to join a 
catalyst bed and ion exchange membrane with the pasting-up method (JP,7-220741,A, JP,7- 
254420,A), a hotpress, etc. Moreover, although a gas diffusion electrode may be constituted only 
from a catalyst bed when a catalyst bed is formed on ion exchange membrane, a catalyst bed is 
adjoined further, a gaseous diffusion layer is arranged, and it is good also as a gas diffusion 
electrode. 

[0037] The separator with which the passage of gas was usually formed is arranged, the gas which 
contains hydrogen in an anode in the passage concerned, and the gas which contains oxygen in a 
cathode are supplied to the outside of a gas diffusion electrode, and a polymer electrolyte fiiel cell is 
constituted. 
[0038] 

[Example] Although an example and the example of a comparison are given and the gas diffusion 
electrode and polymer electrolyte fuel cell of this invention are explained in detail hereafter, this 
invention is not limited to these examples. 

[0039] (Example 1) The unit cell of an example 1 was produced with the procedure explained below. 
The catalyst used for carbon black powder what did 40 mass % support of platinum. Using the 
fluorine-containing ion exchange resin (it is called fluorine-containing-ion-exchange-resin A 
AR=0.91meq./g and the following) which consists of a copolymer which consists of a repeat unit 
based on tetrafluoroethylene, and a repeat unit based on CF2=CFOCF2CF(CF3) OCF2CF2S03H as 
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fluorine-containing ion exchange resin, it was made to dissolve in ethanol and the ethanol solution 
whose concentration of this fluorine-containing ion exchange resin is 5 mass % was prepared. 
Moreover, the Du Pont trade name "Teflon AF 2400" was prepared as this high molecular 
compoimd, this was dissolved in the perfluoro OKUTA decane and the perfluoro OKUTA decane 
solution whose concentration of this Teflon AF 2400 is 1 mass % was prepared. Next, an ethanol 
solution, an above-mentioned perfluoro OKUTA decane solution, and an above-mentioned catalyst 
were mixed, and the catalyst dispersion liquid CI for catalyst bed formation of a cathode were 
prepared. In addition, the mass ratio of the catalyst in these catalyst dispersion liquid CI (the mass of 
support is included), fluorine-containing ion exchange resin, and this high molecular compound was 
set to mass =0.8:0.15:0.05 of the massibook high molecular compound of mass:fluorine-containing 
ion exchange resin of a catalyst. 

[0040] Moreover, the above-mentioned fluorine-containing-ion-exchange-resin A was dissolved in 
ethanol, and the ethanol solution was prepared. Next, it added in the above-mentioned ethanol 
solution, the powder of the same catalyst as what was used by catalyst dispersion liquid CI was flilly 
mixed, and the catalyst dispersion liquid Al for catalyst bed formation of an anode were prepared. In 
addition, the catalyst in these catalyst dispersion liquid Al (the msiss of support is included) and the 
mass ratio of fluorine-containing ion exchange resin were set to mass =0.8:0.2 [ of a catalyst ] of 
mass: fluorine-containing ion exchange resin. 

[0041] Next, the thing with a thickness of 300 micrometers which carried out the weather strip of the 
water-repellent carbon cross (fiber textile fabrics) in the water-repellent carbon powder layer 
(mixture of carbon black and PTFE) was prepared as a gaseous diffusion layer. Moreover, the ion 
exchange membrane (trade name: the deflection myon S, the Asahi Glass Co., Ltd. make, 
AR=1.0meq./g, 80 micrometers of desiccation thickness) which consists of a sulfonic acid type 
perfluorocarbon polymer was prepared as polyelectrolyte film. 

[0042] Next, catalyst dispersion liquid 1 were sprayed on one field of the above-mentioned 
polyelectroljrte film so that the content of the platinum of the catalyst bed of a cathode might serve as 
0.5 mg/cm2. Moreover, catalyst dispersion liquid Al were sprayed on another field of the above- 
mentioned polyelectrolyte film so that the content of the platinum of the catalyst bed of an anode 
might serve as 0.5 mg/cm2. Next, the polyelectrolyte fihn which sprayed above-mentioned catalyst 
dispersion liquid CI and above-mentioned catalyst dispersion liquid Al was dried at 100 degrees C 
among atmospheric air for 1 hour. 

[0043] Moreover, the perfluoro OKUTA decane solution whose concentration of above-mentioned 
Teflon AF 2400 is 5 mass % was slushed into the petri dish, the solvent was removed after that and 
the cast film of Teflon AF 2400 whose thickness is 90 micrometers was produced. Furthermore, the 
ethanol solution whose concentration of the above-mentioned fluorine-containing ion exchange resin 
is 5 mass % was slushed into the petri dish, and the cast film of the fluorine-containing ion exchange 
resin whose thickness is 90 micrometers was produced. And the oxygen transmission coefiQcient of 
the cast film of Teflon AF 2400 and the cast film of fluorine-containing ion exchange resin was 
measured by the conditions and approach which were previously described using the demarcation 
membrane material gas transparency measuring device by the ****** machine industrial company. 
Consequently, the oxygen transmission coefficient of the cast film of Teflon AF 2400 was 1.2x10-10 
[cm3 (Normal), cm/cm2, and s-Pa], and the oxygen transmission coefficient of the cast film of 
fluorine-containing ion exchange resin was 4.8x10-12 [cm3 (Normal), cm/cm2, and s-Pa]. 
[0044] (Example 2) Instead of the perfluoro OKUTA decane solution of Teflon AF 2400 prepared in 
the example 1 Dissolve the trade name "dimethyl siUcone (KF96H -1 million)" by Shin-Etsu 
Chemical Co., Ltd. in toluene as this high molecular compound, and the toluene solution the 
concentration of whose is 5 mass % is prepared. Except having used this, catalyst dispersion liquid 
C2 were prepared like the example 1 , and the electrode and the film zygote were produced like the 
example 1 except having produced the cathode using this. In addition, the mass ratio of the catalyst 
in these catalyst dispersion hquid C2 (the mass of support is included), fluorine-containing ion 
exchange resin, and this high molecular compound was set to mass =0.80:0.17:0.03 of the mass:book 
high molecular compound of massrfluorine-containing ion exchange resin of a catalyst. 
[0045] Furthermore, when thickness produced the cast fihn of the dimethyl siUcone (KF96H -1 
million) which is 80 micrometers and measured the oxygen transmission coefiBcient like the example 
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1, it was 7.0x10- 11 [cm3 (Normal), cni/cin2, and s-Pa]. 

[0046] (Example 3) 3g of the same catalyst powder as what was used for the example 1 was fed into 
lOg of perfluoro OKUTA decane solutions of Teflon AF 2400 used in the example 1, it agitated for 
1 hour, the perfluoro OKUTA decane was further removed using the rotary evaporator, and the solid 
which Teflon AF 2400 was made to **** for a catalyst was obtained. Next, the ethanol solution of 
the same fluorine-containing ion exchange resin as what made this solid the electrode catalyst and 
used it for the example 1 was distributed, and the electrode and the film zygote were produced like 
the example 1 except having prepared the catalyst dispersion liquid C3 for catalyst bed formation of 
a cathode, and having used them instead of catalyst dispersion liquid CI. In addition, the mass ratio 
of the electrode catalyst in these catalyst dispersion liquid C3 and fluorine-containing ion exchange 
resin was set to electrode catalyst:fluorine-containing-ion-exchange-resin =0.80:0.20. In addition, the - 
mass of this electrode catalyst shows the value with which the mass of a catalyst (the mass of support 
is included) and the mass of this high molecular compound (AF2400) were doubled. 
[0047] (Example 4) The electrode and the film zygote were produced like the example 1 except 
having prepared the catalyst dispersion liquid C4 for catalyst bed formation of a cathode using the 
solid which Teflon AF 2400 was made to **** for the catalyst which prepared platinum in the 
example 3 instead of the catalyst of which 40 mass % support was done to the carbon black powder 
used when preparing the catalyst dispersion liquid CI in an example 1. 

[0048] (Example 5) The electrode and the film zygote were produced like the example 2 except 
having prepared the catalyst dispersion liquid C5 for catalyst bed formation of a cathode using the 
sohd which Teflon AF 2400 was made to **** for the catalyst which prepared platinum in the 
example 3 instead of the catalyst of which 40 mass % support was done to the carbon black powder 
used when preparing the catalyst dispersion liquid C2 in an example 2. 

[0049] (Example 1 of a comparison) The electrode and the film zygote were produced like the 
example 1 except having prepared the catalyst dispersion liquid C6 for catalyst bed formation of a 
cathode using PTFE impalpable powder (secondary particle diameter: 2 micrometers, 1 order 
particle diameter: 0.1 micrometer) as a high molecular compound which does not contain an ion 
exchange group instead of Teflon AF2400 used for the example 1 substantially. 
[0050] Furthermore, when commercial thickness prepared the PTFE sheet which is 100 micrometers 
and measured the oxygen transmission coefficient like the example 1, it was 3.0x10-13 [cm3 
(Normal), cm/cni2, and s-Pa]. 

[0051] (Example 2 of a comparison) Instead of the 1 mass % perfluoro OKUTA decane solution of 
Teflon AF 2400 used for the example 1 The polymer (weight average molecular weight: 100,000) of 
CF2=CFO(CF2) 2 CF=CF2 is prepared as a high molecular compovmd which does not contain an ion 
exchange group substantially. The mass ratio of perfluoro (2-butyl tetrahydrofiiran) and perfluoro 
(tributylamine) dissolves this in the mixed solvent of 1:1, and the 1 mass % solution of the above- 
mentioned polymer is prepared. The electrode and the film zygote were produced like the example 1 
except having prepared the catalyst dispersion liquid C7 for catalyst bed formation of a cathode 
using this. 

[0052] Furthermore, when thickness produced the cast film of the polymer of the polymer of 
CF2=CFO(CF2) 2 CF=CF2 which is 70 micrometers and measured the oxygen transmission 
coefficient like the example 1, it was 4.3x10-13 [cm3 (Normal), cm/cm2, and s-Pa]. 
[0053] (Example 3 of a comparison) The electrode and the film zygote were produced like the 
example 1 except having formed the catalyst bed of an anode, and the catalyst bed of a cathode using 
the catalyst dispersion liquid Al in an example 1 . 

[0054] (Example 4 of a comparison) The fluorine-containing ether compound of the shape of an oil 
expressed with the following formula (3) compounded according to the example 1 of a publication to 
JP,1 1-354129,A was compounded, and this was dissolved in the ethanol solution whose 
concentration of fluorine-containing-ion-exchange-resin A is 5 mass % so that the mass ratio of 
fluorine-containing ion exchange resin and a fluorine-containing ether compound might be set to 7:3. 
Furthermore, to this, to carbon black powder, the catalyst which did 40 mass % support of platinum 
was added so that the mass ratio of a catalyst and fluorine-containing ether compound + fluorine- 
containing ion exchange resin might become with 0.8:0.2, and the catalyst dispersion liquid C8 for 
catalyst bed formation of a cathode were prepared. The electrode and the film zygote were produced 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 6/9/2006 



JP,2002-252001,A [DETAILED DESCRIPTION] 



Page 8 of 8 



like the example 1 except having had this instead of catalyst dispersion liquid CI, and having been. 
[0055] Furthermore, when thickness produced the cast film of the polymer of the polymer of 
CF2=CFO(CF2) 2 CF=CF2 which is 70 micrometers and measured the oxygen transmission 
coefficient like the example 1, it was 2.6x10-12 [cm3 (Normal), cm/cm2, and s-Pa]. 
[Formula 3] 

HOOC-CF-(OCP2CF)5-OCF2CF2CP3 • • • (8) 
1 I 

CFs CFa 



[0056] [Cell characteristic test] It equipped with the separator with which the gas passageway was 
formed in each unit cell (an electrode and film zygote) of the above-mentioned example 1 - an 
example 5, the example 1 of a comparison - the example 3 of a comparison, and considered as the 
measurement eel, and the current potential characteristic test of a measurement eel was performed 
using an electronic load and DC power supply (the Takasago factory company make, FK400L, and 
EX750L). The Measuring condition was made into operating temperature;70 degree C of hydrogen 
pressure force;0.1MPa, air pressure;0.1MPa, and a measurement eel, and measured the electrical 
potential difference between terminals of each measurement eel at the time of holding an output 
current consistency to 1 A/cml with time. In addition, the electrical potential difference between 
terminals of each measurement eel measured the value of after [ starting ] 10 hours, 500 hours, and 
1000 hours. Moreover, in this actuation condition, the hydrogen utilization factor adjusted [ the air 
utilization rate ] the flow rate of hydrogen gas and air as 40% 70%. 
[0057] 
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[0058] 

[Effect of the Invention] Since the overvoltage to electrode reaction can be conventionally reduced 
according to this invention as explained above, the polymer electrolyte fuel cell which can obtain the 
high cell output equipped with the gas diffusion electrode and this which have the outstanding 
electrode characteristic over an oxygen reduction reaction can be offered. 



[Translation done.] 
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^^^7 ::>^'<:t>!^mHS<b©Bffit». 

J® : 1? 5S^iBI= 0. 80:0. 2 0 <h b 

tc. nn. c©msg$isi©3s», ^ if5»<om&i 

$tr ) ommt^f^^it-^ ( A F 2 4 0 0 ) ©Kg 50 
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[0 04 7] (ms&m^) ms&miic*s»?>fm^^wim 
4 0 aa%fflj^ b tcMm(Dif^t> Ki icmmms tc*j i» 

TPi^L'fc^tCf^7 0>A F 2 4 0 0%^gS-l*:fc@ 

4'&issiu;^du^». mmm i ^isi^sKcL-cms • 

[0 04 8] (I|]tef?!l5) Ilitt?!l2fc*jl:f2,ftj!ie|^fj{jg 

C 2 *ia»TS^{cfie«Lfc3!7-5j<>:/5 9 d'l&jistce 

4 0 WS%fflf# L. /cMJ«©36>t5 tC^JiWS K*iL» 
-ciaiilU/cftiSSfc-f-^ a> A F 2 4 0 0 *^«S#/cH 

im^mm * v - K©s«i®JK^ffl©Mj«5>«SBgc 

5 u ;^c^^^1•» . mmm 2 i pigiic Lx^-mm 

[0 04 9] ammi) ^9ii<>cm(.>fc7-yu>A 

F2 40 0*i*DD«C. -^:i->3^»*ilK6«)fC^*^Cl> 
lfi?^4b^!^iL.-CPTFESS:)|»* (2^XiB^: 2 w 
m. i:^Xi&^:0. 1 Mm) ^fi^L/^y-KOMJS 
Ii^fi!(^©ftt^:$^t$(>SC 6 %PML/irc|^j1-»IS$i(^ 1 t 

[005 0] MKi. miR©/¥$*5 1 0 0 //m©PTF E 

ife-SrSiJ3EL/ciC5. 3. 0 x 1 0"" [cm' (Nor 
m a 1 ) • cm/c m' • s -Pa] "CiboAi. 

[0 05 1 ] (ttmm2) mkmi!^m^>t<i7-ya>A 

F240 0(DmM%^-i~y}^^U:!ti'^ft»^^<D 
!g)il^-CCF, = CFO (CF.) ,CF =CF.©fi-^f* 

( h ')zr^)Vr 5 >) <b©SSJ:h*s 1 : 1 ©ig^i^JC 

;g?^5-ii-r±iea'^»©iM*%?§iS^ia«L., cn?: 

ffit^r * V - h-<ommmmim<Dmmf^wmc i asm. 

[005 2]||K:. <l$*i7 0am©CF, = CFO 
(CF,) , CF =CFiOS^f*©S^^©+i':^ \-m 

^OfttCi. 4. 3X1 0-" [cm' (No rma 
1 ) • c m/c m' • s • P a ] X'&r>fc^ 

[005 3] (tmrns) mmmiic:iiiii>fm^tiLm 

[0 0 54] (J:t®PII4) iSfga^l 1 -3 54 1 2 9^ 

^ictmo>mn.m i {cstrj-c^gsi/fcTfaja; ( 3 ) -c 

-^^>f:i->3itfe«fl§A©iSS*S5Mfi%-C*Sx 



u 
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[0055]igK:. ;i33&i7 0 wm<DCF, = CFO 
(C F, ) 2CF =CF^<om'^W<om^^(0=¥^^:^ h 



'^^y^ym-(t>ii^mn^t(osmtf)^o, 8:0. 2 

fe^i^/ctiWiHifi^ 1 incite or • JSS^%* 

HOOC - CF- (OCF2CF)b- OCF2CF2CF3 

I I 
CF3 CPs 



^LtctC^. 2. 6X10"^' tcm' (Norma 
1 ) ' c m/c • s • P a ] X*$>-:>fCo 
Ut3] 

- - • (3) 



[0 0 5 6 ] imm^m^mi±i^(Dmit^m i -^ijfew 

4 0 0 LRZJ^E X 7 5 0 L) SfflC^rarJS-fe^KD^S 

lE^ttiS^H^tf-^/co a'J^^«. 7k«JE:^; 0. IM 
P a . ^^Kt> : 0. 1 MP a . S»J5e*i2;KD{'atiiaS : 



5 0 O^raSO'l 0 0 OB#H(Dfii^S(I^L.fCo ^ 

[0057] 
[^1] 







1 oi^m) 

/■V 
at lA/ci* 


5 0 06»H) 
/■V 
at lA/ci' 


nmms. 

1 0 0 oi^n) 

/nV 
at lA/ci* 




6 6 0 


6 5 0 


6 5 0 




6 5 0 


6 4 0 


6 3 0 




6 6 0 


6 6 0 


6 5 0 


Slices 4 


6 8 0 


6 60 


6 7 0 




6 7 0 


6 6 0 


6 5 0 




4 8 0 


4 7 0 


4 6 0 




4 9 0 


4 8 0 


4 8 0 




5 0 0 


4 6 0 


4 6 0 




5 3 0 


4 8 0 


4 6 0 



[0058] 



30 'r^tf:^i^:^ws.v^cti^m^tcMim^mt^^w^ 



